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Description

Field of the invention

[0001] The presentinvention relates to processes involving voltage measurements where a changing temperature is
affecting the measurements, and where the measured voltage is relatively large.

Background of the invention

[0002] Voltage measurements for large voltages may be performed with a dedicated voltage meter but because of a
large magnitude of the voltage, it is more practical to convert a high voltage to a smaller voltage at first. This operation
may be performed by a transformer. Also, there are voltage dividing circuits available which are based on a resistor
network. The voltage loss over a single resistor is smaller than over a series-connected group of resistors, where the
resistance value of a resistor affects the voltage loss over the resistor based on a formula U = RI (i.e. Ohms law).
[0003] In general, a changing temperature will affect the resistance value over a resistor. Therefore, there are meas-
urement errors based on varying temperature values in a measurement configuration which involves at least one resistor,
or other temperature sensitive component.

[0004] US 5,926,778 ("Poppel") discloses a method for temperature compensation in measuring systems. The related
invention is from January 1997. Pdppel cites three different ways to compensate or handle the effect made by the
(changing) temperature and the first way is to have an additional heating device (which can in some instances also have
a cooling effect) or a cooling device (such as a fan), which will result in the electrical element or device being in the
desired temperature where its behaviour is well known. This has the problem of the accuracy in reaching the desired
temperature, and also in selecting the right measurement time when the temperature of the resistor (or a respective
temperature dependent element) has actually reached a steady state (i.e. a constant "inner" temperature). A second
way mentioned in Poppel is the determination of a temperature coefficient and utilize it later. A third way of P6ppel is to
determine a temperature-independent operating point, if there is one in the first place. Concerning the second method
utilizing the temperature coefficient, P6ppel discusses in FIG. 1 a way of determining the instantaneous temperature
coefficient. It is based on two measurements, performed before and after self-heating the temperature-dependent com-
ponent. In other words, Poppel achieves measurement results is two different temperatures, from which a temperature
coefficient is determined. A defect of this simple method is that it assumes that the temperature-dependency is a linearly
affecting parameter e.g. on the resistance, i.e. the temperature coefficient is constant for any two temperatures. This
might not be true in all practical situations.

[0005] US 2020/106453 ("Fritz") discloses a passive conjunction circuitand voltage measurement circuit. In its broadest
embodiment shown in Fig. 1, Fritz discloses the passive conjunction circuit, which is fed by an input voltage and a
reference voltage. Two outputs of the passive conjunction circuit are fed to differential inputs of an analog-to-digital
converter (ADC). The passive conjunction circuit comprises a first voltage divider and a second voltage divider, affecting
the input voltage and the reference voltage, respectively. The voltage dividers have one common resistor according to
Figures 2 and 3 of Fritz.

[0006] US 4,363,243 ("Poff") discloses a strain gage measurement circuit for high temperature applications using dual
constant current supplies. Poff presents a circuit structure (see Fig. 2), which comprises an active resistor (RA), and a
dummy resistor (RD), where the former may change its resistance value due to an applied strain force. There are also
two constant current power supplies (IA and ID). Connecting leads are shown with their respective resistances (from
RLA to RLE). The bridge output voltage (E,,;) is measured via terminals "206".

[0007] US 2013/002234 ("Marten") discloses a high precision and algorithmically assisted voltage divider with fault
detection. Figure 3 shows an exemplary circuit of Marten. It comprises an unknown voltage to be measured (V,), a
reference voltage (V,), an ADC, three resistors (R{-R3) and three switches (SW,-SW). Voltage dividing principle is
used in Figure 3 while applying various combinations of switch selections for the group of three switches. Marten presents
a method that if several measurements are performed according to Fig. 4(a), then the unknown voltage V, can be
determined according to formula of Fig. 4(b), and additionally, the calculated value of the unknown voltage V, is inde-
pendent of the values of the resistors R-Rj.

[0008] Inpriorart, an oven applying a constant temperature can also be used in compensating the effect of the changing
temperatures across a wider temperature range. Placing the measurement assembly in the oven and tuning a desired
temperature for the oven means that after the desired temperature has been reached and it can be assumed that all
elements within the oven also have reached the desired temperature, the measurements can be commenced. The
drawbacks for such an oven are that the stabilization time is long which means that practicality weakens and quick
measurements are not possible to be obtained. Also, the constant temperature oven requires additional supply power
which can be tricky in some measurement locations e.g. in a factory.

[0009] Thus, there is a need for a simple, and yet effective and quick method of taking care of the effect of different
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temperatures on at least one temperature-sensitive component, where a relatively large voltage value is desired to be
accurately measured.

Summary of the invention

[0010] In a first aspect of the invention, an apparatus is defined in claim 1.

[0011] In a second aspect of the invention, a method is defined in claim 9.

[0012] In a third aspect of the invention, a computer program product is defined in claim 10.

[0013] Various different embodiments are disclosed in dependent claims and in the description below.

Brief description of the drawings

[0014] FIG. 1 illustrates a first circuit diagram implemented in an embodiment of the present invention.

Detailed description of the invention

[0015] The present invention discloses an apparatus and method for temperature compensation within a voltage
measurement of a substantially large voltage. Also a computer program and a computer program product are aspects
of the same invention. The presentinvention is based on continuous, real-time compensation between similarly behaving
electrical components.

[0016] The starting point of the presentinvention is that a relatively high voltage is desired to be accurately measured.
This process may happen in cold or warm temperatures, ranging from -30 ... +50°C for example. In the presentinvention,
a voltage division principle can be applied in a form of a voltage divider circuit. This is exemplified in a circuit diagram
shown in FIG. 1.

[0017] The circuit 100 in this embodiment comprises two main parts: a large resistor network 108, 109 comprising
large resistances, and a small resistor network 110, 111 comprising small resistances. The voltage U, 1 101 is an
unknown, large voltage desired to be measured. It is desired to somehow lower this voltage for easier measurement in
practice, so thus a voltage divider circuit of resistors 108 and 110 is applied. Because the resistance of resistor 108 is
substantially larger than the resistance of resistor 110, the voltage available at point 103, i.e. U is a much lower
voltage to be measured than U;, 4 at point 101. The ground is at point 105.

[0018] Now the main idea behind the present invention is to have a reference circuit comprising a large resistor 109,
a small resistor 111, and a known reference voltage U, , at point 102. When a dividing point 104 is looked at, we obtain
a divided reference voltage, i.e. U, », which can be easily measured. In an ambient temperature Ty, the transfer ratio
F, of the voltages is:

out,1’

_ Uoutz _ R (111)
F,= Uz  R(109)+R(111) (1)

[0019] Itis noted that this transfer ratio F, will not remain constant when the temperature changes.

[0020] Now the following step is to realize that resistance networks comprising large and small resistances will act
mutually similarly as a function of changing temperatures, no matter what the incoming voltage U, is. In other words,
for relatively large and small incoming voltages, the resistor network will act the same way as a function of temperature.
[0021] Thus, in an embodiment of the present invention, the resistors 108 and 109 can be selected as follows:

R(108) = R(109) (2)

and respectively, resistors 110 and 111 can be selected, in an embodiment, as follows:

R(110) = R(111) (3)

[0022] Thus, the following applies for circuit 1 in the same temperature T:

_ Uouta _ R(110) _ R(111) _
F, = Ui  R(108)+R(110) ~ R(109)+R(111) F, 4)
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[0023] Asaresult, in ambient temperature T, the transfer ratio F in circuit 1 is assumed to be the same as the transfer
ratio F, in circuit 2, i.e.:

Fi=F2 (5)

[0024] Because for the circuit 1, the following applies:

F1 = Uout,1 ’ (6)

Uin,l

we can deduce the unknown parameter, i.e. the large input voltage to be measured as:

Uout,
Uin1 = Ttl (7)

[0025] Thus, by measuring a smaller, divided voltage U, 4 from point 103, we are able to calculate U;, 4 without
actually measuring it directly. F, can be calculated from equation (1) already.

[0026] The ground point for circuit 2 is 106. Ground port 106 can be mutually the same as ground point 105, in an
embodiment. However, if a galvanic isolation is desired between circuits 1 and 2, the ground ports 105, 106 can be
mutually isolated (shown as dashed line 107 between the two ports.

[0027] If the temperature changes from T, it is enough to measure the voltages from ports (points) 102 and 104,
which results in F, (T,) as:

F(T,) = % , in temperature Ty, (8)

d

whereafter the output voltage in port 103 can be measured (i.e. U, 4) in this temperature T,.
[0028] Now, in the new temperature value T,, the desired large voltage value will be:

Uout,1(Tx)
Uin1 (Ty) = ﬁ (9)

[0029] As a summary, the effect of the changing temperature to the transfer ratio F can be notably large, but it does
not hinder us to proceed with accurate determination of the high voltage value in port 101 as the algorithm in the above
suggests. This is due to the fact that two similar voltage divider circuits will have the mutually same transfer ratio, no
matter what the incoming voltage magnitude is, in all temperature values of a possible, feasible temperature range. In
other words, in a certain temperature value T,, F; will always be equal to F,.

[0030] In an embodiment, the large voltage is defined to be larger than the maximum input voltage of the analog
measurement circuit. In a practical situation and embodiment, a typical measurement range of the analog measurement
circuit can be between 1 - 5 volts. In an embodiment, the present invention is thus suitable for measuring large voltages
exceeding 5 V where the ambient temperature affecting the measurement might be changing.

[0031] In another embodiment, concerning the resistor network shown in FIG. 1, one, several or all shown resistors
(108-111) can be implemented as a combination of at least two resistors. By this we mean that e.qg. if resistor 108 is
required to be 200 ohms, it can be obtained by a series connection of two 100 ohms’ resistors. Also, a parallel connection
can be used in this regard.

[0032] In another embodiment, a resistor network may comprise at least one shunt connection; i.e. at least one resistor
being provided with a bypass path i.e. a short circuit. Such a short circuit may be activated on a desired connection. In
this manner, a larger resistor network may be used as a tunable resistor. In the example of the resistor 108 having a
resistance value of 200 ohms with two series-connected 100 ohms resistors, either of these resistors can be provided
with a shunt functionality. When activated, the 200 ohms resistor can be changed to a 100 ohms resistor through the
short-circuiting of the other resistor in this series-connection for resistor 108.

[0033] An advantage of the present invention is that it allows determination of a dangerously large voltage without
directly measuring it. The presented circuitry allows us to measure smaller voltages, and to calculate the desired voltage



10

15

20

25

30

35

40

45

50

55

EP 4 019 984 B1

value from them. Furthermore, the presented algorithm and circuitry is fairly simple, allowing a fast calculation speed
for the desired voltage. The presented algorithm allows to measure voltages in a large range, and it also allows to
measure such voltages, no matter what the temperature is. Thus, there is a big operational freedom in the setup cir-
cumstances of the circuitry. As a further advantage, the present invention results in a fast measurement process. Also,
the arrangement of the presentinvention does not require any additional power supply. Furthermore, the presentinvention
has also a good long-term stability since the resistive components in the same casing change the same way over time.
[0034] The computer program may be implemented to run the method steps, when the method steps are written is a
form of a computer code, and executed in a processor. Also there can be a memory where the computer program code
can be saved to. In an embodiment, a cloud service may comprise a server or computer, where the processor and
memory are located. In that case, there can be data transmission and reception means so that the information can be
transported between the voltage measurementlocation and the remote location in the cloud (or a nearby PC, for instance).
The data transport can be performed wirelessly (in case of a remote control room), but a wired connection could also
take place (in case of a nearby PC). In an embodiment, the processor and the memory are implemented within a voltage
meter provided with several measurement ports for measuring the desired voltages.

[0035] The presentinvention is not restricted merely to the embodiments presented above but the present invention
is defined by the scope of the claims.

Claims

1. Anapparatus (100) configured to determine a large voltage value (101) without a direct measurement, characterized
in that the apparatus comprises:

- a first voltage divider (108, 110) comprising a first large resistor (108) exceeding a given threshold value and
a first small resistor (110) being less than the given threshold value;

- a second voltage divider (109, 111) comprising a second large resistor (109) exceeding the given threshold
value and a second small resistor (111) being less than the given threshold value;

wherein the first large resistor (108), the second large resistor (109), the first small resistor (110), and the second
small resistor (111) form a resistor network (108-111);

- via an inputted reference voltage (102) in the input of the second voltage divider (109, 111), the apparatus is
configured to measure a divided reference voltage (104) over the second small resistor (111);

- a processor configured to calculate a transfer ratio of the second voltage divider (109, 111) in a given ambient
temperature, by dividing the second small resistor (111) value by a sum of the second large resistor (109) value
and the second small resistor (111) value;

- the processor configured to assume the transfer ratio of the first voltage divider (108, 110) to be the same as
the transfer ratio of the second voltage divider (109, 111), in the given ambient temperature; and

- the processor configured to calculate the large voltage value (101) from a first measured divided voltage value
(103) and the calculated transfer ratio, in the given ambient temperature, where the large voltage value (101)
is connected in an input of the first voltage divider (108, 110).

2. The apparatus according to claim 1, characterized in that the first voltage divider (108, 110) is similar with the
second voltage divider (109, 111) concerning the resistance values.

3. The apparatus according to claim 1 or 2, characterized in that a common ground (105, 106) connection is applied
in both the first (108, 110) and second (109, 111) voltage divider.

4. The apparatus according to claim 1 or 2, characterized in that a separate ground (105, 106) connection is applied
for the first (108, 110) and second (109, 111) voltage divider, respectively, for galvanic isolation of the first and
second voltage dividers.

5. The apparatus according to any of claims 1-4, characterized in that when the ambient temperature has changed,
the apparatus is configured to recalculate the transfer ratio through the inputted reference voltage (102), and to
apply that the transfer ratio is independent of the magnitude of the input voltage (101, 102) because the resistor
network (108-111) acts the same way as a function of temperature for relatively large and small incoming voltages.

6. The apparatus according to any of claims 1-5, characterized in that the large voltage value is defined to be larger
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than the maximum input voltage of an analog measurement circuit.
7. The apparatus according to any of claims 1-6, characterized in that concerning the resistor network (108-111),

- at least one of the resistors (108-111) is implemented as a combination of at least two resistors, as a parallel
or series connection.

8. The apparatus according to any of claims 1-7, characterized in that the resistor network (108-111) more shunt
connections.

9. A method for determining a large voltage value (101) without a direct measurement, characterized in that the
method comprises the steps of:

- feeding an inputted reference voltage (102) in an input of a second voltage divider (109, 111), where the
second voltage divider (109, 111) comprises a second large resistor (109) exceeding a given threshold value
and a second small resistor (111) being less than the given threshold value;

- measuring a divided reference voltage (104) over the second small resistor (111);

- calculating a transfer ratio of the second voltage divider (109, 111) in a given ambient temperature by a
processor, by dividing the second small resistor (111) value by a sum of the second large resistor (109) value
and the second small resistor (111) value;

- assuming the transfer ratio of a first voltage divider (108, 110) to be the same as the transfer ratio of the second
voltage divider (109, 111) by the processor, in the given ambient temperature, where the first voltage divider
(108, 110) comprises a first large resistor (108) exceeding the given threshold value and a first small resistor
(110) being less than the given threshold value; and

- calculating the large voltage value (101) from a first measured divided voltage value (103) and the calculated
transfer ratio by the processor, in the given ambient temperature, where the large voltage value (101) is connected
in an input of the first voltage divider (108, 110).

10. A computer program product for determining a large voltage value (101) without a direct measurement, wherein a
computer program is stored in the computer program product and the computer program is executable in a processor,
characterized in that the computer program comprises the following steps to be executed:

- feeding an inputted reference voltage (102) in an input of a second voltage divider (109, 111), where the
second voltage divider (109, 111) comprises a second large resistor (109) exceeding a given threshold value
and a second small resistor (111) being less than the given threshold value;

- measuring a divided reference voltage (104) over the second small resistor (111);

- calculating a transfer ratio of the second voltage divider (109, 111) in a given ambient temperature by a
processor, by dividing the second small resistor (111) value by a sum of the second large resistor (109) value
and the second small resistor (111) value;

- assuming the transfer ratio of a first voltage divider (108, 110) to be the same as the transfer ratio of the second
voltage divider (109, 111) by the processor, in the given ambient temperature, where the first voltage divider
(108, 110) comprises a first large resistor (108) exceeding the given threshold value and a first small resistor
(110) being less than the given threshold value; and

- calculating the large voltage value (101) from a first measured divided voltage value (103) and the calculated
transfer ratio by the processor, in the given ambient temperature, where the large voltage value (101) is connected
in an input of the first voltage divider (108, 110).

Patentanspriiche

1. Vorrichtung (100), die konfiguriert ist, um einen groRen Spannungswert (101) ohne direkte Messung zu bestimmen,
dadurch gekennzeichnet, dass die Vorrichtung Folgendes umfasst:

- einen ersten Spannungsteiler (108, 110) umfassend einen ersten grof3en Widerstand (108), der einen gege-
benen Schwellenwert tiberschreitet, und einen ersten kleinen Widerstand (110), der kleiner als der gegebene
Schwellenwert ist;

- einen zweiten Spannungsteiler (109, 111) umfassend einen zweiten groRen Widerstand (109), der den gege-
benen Schwellenwert tiberschreitet, und einen zweiten kleinen Widerstand (111), der kleiner als der gegebene
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Schwellenwert ist;

wobei der erste groRe Widerstand (108), der zweite grof3e Widerstand (109), der erste kleine Widerstand (110)
und der zweite kleine Widerstand (111) ein Widerstandsnetzwerk (108-111) bilden;

- Uber eine eingegebene Referenzspannung (102) am Eingang des zweiten Spannungsteilers (109, 111) ist
die Vorrichtung konfiguriert, um eine geteilte Referenzspannung (104) (iber dem zweiten kleinen Widerstand
(111) zu messen;

- einen Prozessor, der konfiguriert ist, um ein Ubertragungsverhéltnis des zweiten Spannungsteilers (109, 111)
bei einer gegebenen Umgebungstemperatur zu berechnen, indem der Wert des zweiten kleinen Widerstands
(111) durch eine Summe des Werts des zweiten groBen Widerstands (109) und des Werts des zweiten kleinen
Widerstands (111) geteilt wird;

- den Prozessor, der konfiguriertist, um anzunehmen, dass das Ubertragungsverhaltnis des ersten Spannungs-
teilers (108, 110) dasselbe ist wie das Ubertragungsverhaltnis des zweiten Spannungsteilers (109, 111) bei der
gegebenen Umgebungstemperatur; und

- den Prozessor, der konfiguriert ist, um den grofRen Spannungswert (101) aus einem ersten gemessenen
geteilten Spannungswert (103) und dem berechneten Ubertragungsverhaltnis bei der gegebenen Umgebungs-
temperatur zu berechnen, wobei der groRe Spannungswert (101) mit einem Eingang des ersten Spannungs-
teilers (108, 110) verbunden ist.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass der erste Spannungsteiler (108, 110) mit dem
zweiten Spannungsteiler (109, 111) beziiglich der Widerstandswerte ahnlich ist.

Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass eine gemeinsame Masseverbindung (105,
106) sowohl im ersten (108, 110) als auch im zweiten (109, 111) Spannungsteiler angewendet wird.

Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass eine separate Masseverbindung (105, 106)
fur den ersten (108, 110) bzw. zweiten (109, 111) Spannungsteiler zur galvanischen Isolierung des ersten und
zweiten Spannungsteilers angewendet wird.

Vorrichtung nach einem der Anspriiche 1-4, dadurch gekennzeichnet, dass, wenn sich die Umgebungstemperatur
geandert hat, die Vorrichtung konfiguriert ist, um das Ubertragungsverhaltnis durch die eingegebene Referenzspan-
nung (102) neu zu berechnen und anzuwenden, dass das Ubertragungsverhaltnis unabhangig von der GréRe der
Eingangsspannung (101, 102) ist, weil das Widerstandsnetzwerk (108-111) in der gleichen Weise als eine Funktion
der Temperatur fir relativ groe und kleine eingehende Spannungen wirkt.

Vorrichtung nach einem der Anspriiche 1-5, dadurch gekennzeichnet, dass der grole Spannungswert definiert
ist, um grofer als die maximale Eingangsspannung einer analogen Messschaltung zu sein.

Vorrichtung nach einem der Anspriiche 1-6, dadurch gekennzeichnet, dass beziiglich des Widerstandsnetzwerks
(108-111),

- zumindest einer der Widerstédnde (108-111) als eine Kombination von zumindest zwei Widerstanden, als
Parallel- oder Reihenschaltung, ausgefiihrt ist.

Vorrichtung nach einem der Anspriiche 1-7, dadurch gekennzeichnet, dass das Widerstandsnetzwerk (108-111)
eine oder mehrere Nebenschlussverbindungen umfasst.

Verfahren zum Bestimmen eines grolRen Spannungswertes (101) ohne direkte Messung, dadurch gekennzeichnet,
dass das Verfahren die folgenden Schritte umfasst:

- Einspeisen einer eingegebenen Referenzspannung (102) in einen Eingang eines zweiten Spannungsteilers
(109, 111), wobei der zweite Spannungsteiler (109, 111) einen zweiten groRen Widerstand (109), der einen
gegebenen Schwellenwert tberschreitet, und einen zweiten kleinen Widerstand (111) umfasst, der kleiner als
der gegebene Schwellenwert ist;

- Messen einer geteilten Referenzspannung (104) Giber dem zweiten kleinen Widerstand (111);

- Berechnen eines Ubertragungsverhéltnisses des zweiten Spannungsteilers (109, 111) bei einer gegebenen
Umgebungstemperatur durch einen Prozessor, indem der Wert des zweiten kleinen Widerstands (111) durch
eine Summe des Wertes des zweiten groRen Widerstands (109) und des Wertes des zweiten kleinen Wider-
stands (111) geteilt wird;
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- Annehmen, dass das Ubertragungsverhéltnis eines ersten Spannungsteilers (108, 110) dasselbe ist wie das
Ubertragungsverhaltnis des zweiten Spannungsteilers (109, 111) durch den Prozessor bei der gegebenen
Umgebungstemperatur, wobei der erste Spannungsteiler (108, 110) einen ersten grofRen Widerstand (108),
der den gegebenen Schwellenwert Gberschreitet, und einen ersten kleinen Widerstand (110) umfasst, der kleiner
als der gegebene Schwellenwert ist; und

- Berechnen des groRen Spannungswertes (101) aus einem ersten gemessenen geteilten Spannungswert (103)
und dem berechneten Ubertragungsverhaltnis durch den Prozessor bei der gegebenen Umgebungstemperatur,
wobei der grof3e Spannungswert (101) miteinem Eingang des ersten Spannungsteilers (108, 110) verbunden ist.

10. Computerprogrammprodukt zum Bestimmen eines groen Spannungswertes (101) ohne direkte Messung, wobei
ein Computerprogramm in dem Computerprogrammprodukt gespeichert ist und das Computerprogramm in einem
Prozessor ausfiihrbar ist, dadurch gekennzeichnet, dass das Computerprogramm die folgenden auszufiihrenden
Schritte umfasst:

- Einspeisen einer eingegebenen Referenzspannung (102) in einen Eingang eines zweiten Spannungsteilers
(109, 111), wobei der zweite Spannungsteiler (109, 111) einen zweiten groRen Widerstand (109), der einen
gegebenen Schwellenwert tberschreitet, und einen zweiten kleinen Widerstand (111) umfasst, der kleiner als
der gegebene Schwellenwert ist;

- Messen einer geteilten Referenzspannung (104) Giber dem zweiten kleinen Widerstand (111);

- Berechnen eines Ubertragungsverhéltnisses des zweiten Spannungsteilers (109, 111) bei einer gegebenen
Umgebungstemperatur durch einen Prozessor, indem der Wert des zweiten kleinen Widerstands (111) durch
eine Summe des Wertes des zweiten groRen Widerstands (109) und des Wertes des zweiten kleinen Wider-
stands (111) geteilt wird;

- Annehmen, dass das Ubertragungsverhéltnis eines ersten Spannungsteilers (108, 110) dasselbe ist wie das
Ubertragungsverhaltnis des zweiten Spannungsteilers (109, 111) durch den Prozessor bei der gegebenen
Umgebungstemperatur, wobei der erste Spannungsteiler (108, 110) einen ersten grolRen Widerstand (108),
der den gegebenen Schwellenwert iberschreitet, und einen ersten kleinen Widerstand (110) umfasst, der kleiner
als der gegebene Schwellenwert ist; und

- Berechnen des groRen Spannungswertes (101) aus einem ersten gemessenen geteilten Spannungswert (103)
und dem berechneten Ubertragungsverhaltnis durch den Prozessor bei der gegebenen Umgebungstemperatur,
wobei der grof3e Spannungswert (101) miteinem Eingang des ersten Spannungsteilers (108, 110) verbunden ist.

Revendications

1. Appareil (100) configuré pour déterminer une valeur de tension élevée (101) sans mesure directe, caractérisé en
ce que I'appareil comprend :

- un premier diviseur de tension (108, 110) comprenant une premiére grande résistance (108) dépassant une
valeur de seuil donnée et une premiere petite résistance (110) étant inférieure a la valeur de seuil donnée ;
- un second diviseur de tension (109, 111) comprenant une seconde grande résistance (109) dépassant la
valeur de seuil donnée et une seconde petite résistance (111) étant inférieure a la valeur de seuil donnée ;

dans lequel la premiére grande résistance (108), la seconde grande résistance (109), la premiére petite résistance
(110) et la seconde petite résistance (111) forment un réseau de résistances (108-111) ;

- via une tension d’entrée de référence (102) a I'entrée du second diviseur de tension (109, 111), I'appareil
étant configuré pour mesurer une tension divisée de référence (104) aux bornes de la seconde petite résistance
(111);

- un processeur configuré pour calculer un rapport de transfert du second diviseur de tension (109, 111) a une
température ambiante donnée, en divisant la valeur de la seconde petite résistance (111) par une somme des
valeurs de la seconde grande résistance (109) et de la seconde petite résistance (111) ;

- le processeur étant configuré pour supposer que le rapport de transfert du premier diviseur de tension (108,
110) estle méme que le rapport de transfert du second diviseur de tension (109, 111), a la température ambiante
donnée ; et

- le processeur étant configuré pour calculer la valeur de tension élevée (101) a partir d’'une premiére valeur
de tension divisée mesurée (103) et du rapport de transfert calculé, a la température ambiante donnée, ou la
valeur de tension élevée (101) est connectée a une entrée du premier diviseur de tension (108, 110).
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Appareil selon la revendication 1, caractérisé en ce que le premier diviseur de tension (108, 110) est similaire au
second diviseur de tension (109, 111) concernant les valeurs de résistance.

Appareil selon la revendication 1 ou 2, caractérisé en ce qu’une connexion de masse commune (105, 106) est
appliquée a la fois dans le premier (108, 110) et le second (109, 111) diviseur de tension.

Appareil selon la revendication 1 ou 2, caractérisé en ce qu’une connexion de masse séparée (105, 106) est
appliquée dans le premier (108, 110) et le second (109, 111) diviseur de tension, respectivement, pour I'isolation
galvanique du premier et du second diviseur de tension.

Appareil selon 'une quelconque des revendications 1 a 4, caractérisé en ce que lorsque la température ambiante
achangé, I'appareil est configuré pour recalculer le rapport de transfert par le biais de la tension d’entrée de référence
(102), et pour appliquer que le rapport de transfert est indépendant de I'amplitude de la tension d’entrée (101, 102)
le réseau de résistances (108-111) agit de la méme maniere en fonction de la température pour des tensions
entrantes relativement grandes et petites.

Appareil selon I'une quelconque des revendications 1 a 5, caractérisé en ce que la valeur de tension élevée est
définie comme étant supérieure a la tension d’entrée maximale d’un circuit de mesure analogique.

Appareil selon 'une quelconque des revendications 1 a6, caractérisé en ce que concernantle réseau de résistances
(108-111),

- au moins une des résistances (108-111) est mise en oeuvre comme une combinaison d’au moins deux
résistances, comme une connexion en paralléle ou en série.

Appareil selon 'une quelconque des revendications 1a 7, caractérisé en ce que le réseau de résistances (108-111)
comprend une ou plusieurs connexions shunt.

Procédé pour déterminer une valeur de tension élevée (101) sans mesure directe, caractérisé en ce que le procédé
comprend les étapes consistant a :

- alimenter une tension d’entrée de référence (102) dans une entrée d’'un second diviseur de tension (109, 111),
ou le second diviseur de tension (109, 111) comprend une seconde grande résistance (109) dépassant une
valeur de seuil donnée et une seconde petite résistance (111) étant inférieure a la valeur de seuil donnée ;

- mesurer une tension divisée de référence (104) aux bornes de la seconde petite résistance (111) ;

- calculer un rapport de transfert du second diviseur de tension (109, 111) a une température ambiante donnée,
en divisant la valeur de la seconde petite résistance (111) par une somme des valeurs de la seconde grande
résistance (109) et de la seconde petite résistance (111) ;

- supposer que le rapport de transfert d’'un premier diviseur de tension (108, 110) est le méme que le rapport
de transfert du second diviseur de tension (109, 111) au niveau du processeur, a la température ambiante
donnée, ou le premier diviseur de tension (108, 110) comprend une premiere grande résistance (108) dépassant
la valeur de seuil donnée et une premiere petite résistance (110) étant inférieure a la valeur de seuil donnée ; et
- calculer la valeur de tension élevée (101) a partir d’'une premiére valeur de tension divisée mesurée (103) et
du rapport de transfert calculé par le processeur, a la température ambiante donnée, ou la valeur de tension
élevée (101) est connectée a une entrée du premier diviseur de tension (108, 110).

10. Produit de programme informatique pour déterminer une valeur de tension élevée (101) sans mesure directe, dans

lequel un programme informatique est stocké dans le produit de programme informatique et le programme infor-
matique est exécutable dans un processeur, caractérisé en ce que le programme informatique comprend les
étapes suivantes pour étre exécuté :

- alimenter une tension d’entrée de référence (102) dans une entrée d’'un second diviseur de tension (109, 111),
ou le second diviseur de tension (109, 111) comprend une seconde grande résistance (109) dépassant une
valeur de seuil donnée et une seconde petite résistance (111) étant inférieure a la valeur de seuil donnée ;

- mesurer une tension divisée de référence (104) aux bornes de la seconde petite résistance (111) ;

- calculer un rapport de transfert du second diviseur de tension (109, 111) par l'intermédiaire d’'un processeur
a une température ambiante donnée, en divisant la valeur de la seconde petite résistance (111) par la somme
des valeurs de la seconde grande résistance (109) et de la seconde petite de résistance (111) ;



10

15

20

25

30

35

40

45

50

55

EP 4 019 984 B1

- supposer que le rapport de transfert d’'un premier diviseur de tension (108, 110) est le méme que le rapport
de transfert du second diviseur de tension (109, 111) au niveau du processeur, a la température ambiante
donnée, ou le premier diviseur de tension (108, 110) comprend une premiere grande résistance (108) dépassant
la valeur de seuil donnée et une premiere petite résistance (110) étant inférieure a la valeur de seuil donnée ; et
- calculer la valeur de tension élevée (101) a partir d’'une premiére valeur de tension divisée mesurée (103) et
du rapport de transfert calculé par le processeur, a la température ambiante donnée, ou la valeur de tension
élevée (101) est connectée a une entrée du premier diviseur de tension (108, 110).

10



EP 4 019 984 B1

(ews) ¢
NI0MIDU J0)SISY

Y01
T ‘mon

[ o Wu\

€0l

(93ae))
NI0M)IU J0ISISY

001 a0l

1"



EP 4 019 984 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» US 5926778 A, Poppel [0004] * US 4363243 A, Poff [0006]
* US 2020106453 A, Fritz [0005] * US 2013002234 A, Marten [0007]

12



	bibliography
	description
	claims
	drawings
	cited references

